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REMARKS 

Applicants thank the Examiner for the very thorough consideration given the present 
application. Claims 1-9 arc currently pending in this application. No new matter has been added 
by way of the present amendment. Claim 1 has been amended to correct an obvious 
typographical error. New claim 9 is supported by previously presented claim L Accordingly, no 
new matter has been added. 

In view of the amendments and remarks herein, Applicants respectfully request that the 
Examiner withdraw all outstanding rejections and allow the currently pending claims. 

Issues Under 35 U.S.C. § 103 fa) 

Claims 1 and 3-8 

Claims 1 and 3-8 stand rejected under 35 U.S.C. 103 (a) as being obvious over JP 05- 
000910 (hereinafter "Shuzo") in view of IP 2002-086155 (hereinafter "Keisuke") in further view 
of JP 01-094997 (hereinafter "Kozo") and further in view of Ikuta et al., Biofouling Control 
Using a Synergistic Hydrogen Peroxide and Ferrous Ion Technique (hereinafter "Ikuta"), as 
evidenced by the Merck Index Monograph No. 01900. Applicants respectfully traverse. 

The Examiner asserts that Shuzo teaches a method for treating ship ballast water in which 
organisms viable in the ship ballast water are exterminated by adding to the ship ballast water 
hydrogen peroxide or a compound producing hydrogen peroxide in an amount such that the 
concentration of hydrogen peroxide comes to be 10 to 500 mg/L. 
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The Examiner acknowledges that Shuzo does not teach the use of ferrous ions, catalase or 
iodine, and relies on the teachings of Keisuke, Kozo and Dcuta to overcome these deficiencies. 

Applicants respectfully submit that the Examiner has failed to establish a prima facie 
case of obviousness. To establish a prima facie case of obviousness, the prior art reference (or 
references when combined) must teach or suggest all the claim limitations. In re Vaeck, 947 F.2d 
488, 20 USPQ2d 1438 (Fed. Cir. 1991). Additionally, there must be a reason why one of 
ordinary skill in the art would modify the reference or combine reference teachings to obtain the 
invention. A patent composed of several elements is not proved obvious merely by 
demonstrating that each of its elements was, independently, known in the prior art. KSR Int'l Co. 
v Teleflex Inc., 82 USPQ2d 1385 (U.S. 2007). There must be a reason that would have prompted 
a person of ordinary skill in the relevant field to combine the elements in the way the claimed 
new invention does. Id. The Supreme Court of the United States has recently held that the 
"teaching, suggestion, motivation test" is a valid test for obviousness, albeit one which cannot be 
too rigidly applied. Id. Rejections on obviousness grounds cannot be sustained by mere 
conclusory statements; instead, there must be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness. Id. 

Applicants respectfully submit that the prior art of record fails to teach or suggest every 
limitation of the present invention. Moreover, the references of record teach away from the 
present invention. The Examiner is respectfully reminded that a prima facie case of obviousness 
may be rebutted by showing that the art, in any material respect, teaches away from the claimed 
invention. In re Geisler, 116 F.3d 1465, 43 USPQ2d 1362 (Fed. Cir. 1997). 
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As is conventionally known and evidenced by the attached excerpt from Kagakudaijiten 
("Fenton's reagent"), hydrogen peroxide is decomposed when ferrous sulfate as a ferrous ion is 
added thereto. This reaction is known in the art as a "Fenton reaction". 

Catalase is an enzyme used to catalyze decomposition reactions of hydrogen peroxide 
(see, for example, The Merck Index, 14 th Ed., Monograph No. 01900, which was cited by the 
Examiner in the outstanding Office Action). 

Iodine is used for quantitative analysis of hydrogen peroxide (iodometry). As is known in 
the art and further evidenced by U.S. 6,284,213, enclosed herewith, hydrogen peroxide reacts 
quantitatively with iodine and is decomposed (see U.S. '213, column 1 1 , line 8), 

Applicants submit that one skilled in the art would not have been motivated to add a 
ferrous ion, catalase or iodine to ship ballast water containing hydrogen peroxide in a closed 
water system. Contrary to the Examiner's assertion, one skilled in the art would have expected 
this combination of components to enhance undesirable decomposition reactions of hydrogen 
peroxide and decrease the extermination effects thereof (emphasis added), and would have 
thus shunned away from combining the elements as presently claimed. 

The present inventors have discovered that the addition of a specific amount of hydrogen 
peroxide and at least one of a ferrous ion, catalase and iodine to ship ballast water in a closed 
water system unexpectedly results in maintenance of extermination effects without enhancing 
decomposition reactions. The extermination effects obtained by the combination of hydrogen 
peroxide and at least one of a ferrous ion, catalase, and iodine are the same as or superior to 
those obtained by using hydrogen peroxide alone. 
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Furthermore, in the novel method of the present invention, oxygen dissolved in the ship 
ballast water can be maintained in a proper amount. As recited at page 1, line 18 to page 2, line 
2 of the present Specification, the oxygen dissolved in ship ballast water in a closed water system 
needs to be maintained at a concentration different from that of an open water system. The 
present method can maintain the proper amount of oxygen dissolved in the ship ballast water in a 
closed water system. 

The Examiner's attention is respectfully directed to the Examples at pages 11-27 of the 
present Specification. As evidenced by the Examples, superior extermination effects for cysts, 
plankton and bacteria are obtained by the method of the present invention. 

Evidently, the cited references, alone or in combination, fail to render the present 
invention obvious. Accordingly, reconsideration and withdrawal of this rejection are respectfully 
requested. 

Claim 2 

Claim 2 stands rejected under 35 U.S.C. 103 (a) as being obvious over Shuzo in view of 
Keisuke, Kozo, Ikuta and the Merck Index, in further view of Tamura et al. (U.S. 5,256,701) 
(hereinafter Tamura '701). Applicants respectfully traverse. 

As discussed above, Shuzo in view of Keisuke, Kozo, Ikuta and the Merck Index fail to 
render the present invention obvious. Tamura '701 fails to cure the deficiencies of these 
references. 
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Tamura '701 discloses a disinfectant composition comprising hydroxypropyl alcohol, 
iodine and iodide. Tamura '701 teaches that the disinfectant composition reduces skin irritation 
and exhibits bactericidal and viricidal activity. 

Applicants respectfully submit that the cited prior art of record fails to teach or suggest a 
method of treating ship ballast water as presently claimed, wherein specific concentrations of a 
ferrous ion, catalase or iodine are added to ship ballast water containing hydrogen peroxide in a 
closed water system. 

Accordingly, reconsideration and withdrawal of this rejection are respectfully requested. 
Conclusion 

All of the stated grounds of rejection have been properly traversed, accommodated, or 
rendered moot, Applicants therefore respectfully request that the Examiner reconsider all 
presently outstanding rejections and objections and that they be withdrawn. It is believed that a 
full and complete response has been made to the outstanding Office Action and, as such, the 
present application is in condition for allowance. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Marc S. Weiner, Reg. No. 32,181, 
at the telephone number of the undersigned below, to conduct an interview in an effort to 
expedite prosecution in connection with the present application. 
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If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies 



to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional 



fees required under 37.C.F.R. §§1.16 or 1.14; particularly, extension of time fees. 



Dated: 



MAR 27 2008 




Marc S. Weiner 
Registration No.: 32,181 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
8110 Gatehouse Road 
Suite 100 East 
P.O. Box 747 

Falls Church, Virginia 22040-0747 
(703) 205-8000 
Attorney for Applicant 



Enclosure: "Fenton 's reagent" excerpt 



U.S. 6,284,213 
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(57) ABSTRACT 

The present invention relates to a catalyst consisting of a 
metal of the Vffl group supported on acid activated carbon 
fiiDCtionalized with sulfonic groups, a process for the syn- 
thesis of hydrogeri peroxide from hydrogen and oxygen 
which uses said catalyst and the use of the hydrogen 
peroxide solution in oxidation processes catalyzed by 
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1 2 

CATALYST, PROCESS FOR THE this process Quantities of Br ions of more than 10 4 

~ ' -• -'- """"" — moles/litre arc required to obtain hydrogen peroxide. The 

use of high quantities of halides creates problems of insta- 
bility of both the catalyst metal and the hydrogen peroxide 

BACKGROUND OF THE INVENTION s solution produced. 

1 Field of the Invention To ovcrcome tnese drawbacks alternative processes have 

' . ... . , . - ,- t been proposed which can be carried out without acids and'or 

The present invention relates to a catalyst consisting frf a fe ^ ] { fa { 

metal of the VTII group supported od acid activated carbon oromlnc lon! > w reacuon meatum. 

functionalized with sulfonic groups, a process for the direct M *>t example, patent application EP-492,0o4 describes a 

synthesis of hydrogen peroxide from hydrogen and oxygen process for the synthesis of hydrogen peroxide from bydro- 

which uses said cataiyst and the use of the hydrogen S M ^d oxygen which uses . catalyst based on pallaoium 

oeroxide solution in oxidation processes catalyzed by supported on a halogenated resin, in particular a brommaled 

iilani'im-silicalite styrene/divmylbenzene resin. 

2. Description of the Background is ™ e reactfon is earned out in water, in the presence of an 

. , . . „ . . , acid selected from sulfuric, phosphonc or mtrtc acid. Oper- 

Hydrogen penmde is i i commercially important product ^ ^ s fao concentrations of H,0- of 

which is widely used as bleaching agent m we textile anc about Q 5g% ^ 

paper industries, m the environmental field as a bioade ana , ., . ,, . . rTT _ 

in the chemical industry. EP-504741 describes a procsss for the synthesis of H 3 0 2 

. , . . . . . , ... , 0 bvdrospn and oxyser. which uses a caialya based on 

Inpamoilartheuse of hydrogen pen not kno • n in tbt -° Qr ^ ttd on an add Qr ;d 

art m a series of oxidation reactions catalyzed by utaorum * ^ &Qm m ££ ^ £ 

silicaltte, such as for example the epoxidation of olefins ox jdss 

fEP-100,119, the ammoxymation of carbonyl compound's . , 

(U.S. Pat. No. 4,794,198), the oxidation of ammonia to ™« reacr f n 15 <f ned ° m * water, in the presence of a 

hydroxyzine (U.S. Pat. No. 5320,819) and the hydroxy- 25 Peeler selected from bromine salts in quantities of more 

lation Of aromatic hydrocarbons (U.S. Pat. No. 4,369,783) th ™ 01 ^moles/1 of reaction mixture Operating according 

- to this process hydrogen peroxide is obtained in caucentra- 

Generally solutions of hydrogen peroxide are used, ^ nol higher than 1%. 

obtained by synthesis processes which are based on the = 

alternating oxidation and reduction of alkTlanmraquinoD.es. „ U u S - ^f 2 } deEcnb f 1 W oce s$ for the 

^ . . , . . 30 synthesis of H.,0, from bydiogen and oxygen which uses a 

Tnese processes however, have substantial disadvantages / Wcfon or ktinum rted on a 

denvmg from the necessity of operating with large volumes heter ^ olvacid made i^iuMe in water. The reaction is 

of reagents, the numerous steps required the relatively high ^ ■ ce of ions 5 

cost Of the mtermediates and the production of inactive of br0lmde) . Quantities of H,0„ equal 

by-products. 35 {o about ^ aje obtained 

As a result, other processes for the synthesis ofhtfrogwi ^ ^ o£ (he ^ QWB ^ thereforej do not hilve 

peroxide have been proposed in the art, among which those ap^&iy.refcningtotta quantity of hydrogen peroxide 

using a catalytic system consisluig of a coble metal pref- ^ ^ fc sufficienll u h for fl^ plication on 

erably palladium, supported on a carrier, for the direct ^ ^ {o be rf 
synthesis of hydrogen peroxide from hydrogen and oxygen. 40 

For example, U.S . Fat. No. 4,772,458 describes a process SUMMARY OF THE INVENTION 

for the synthesis of hydrogen peroxide which uses a catalyst ^ ^ cons ueatl m £vident neceEsit for 

based or ipalladmni supported on coal, m which the reachon improvelDCIll£ lti ^ fleld of ^ prod uction of hydrogen 

is camed out in water in the presence of hydrogen ions ana p6rox j de 

bromide ions in a molar ratio of at least 2:1. 45 * . 

m TTi j-r,-- , . , . . It has now been found that it is possible to satisfy these 

The and Br ions are supplied as a combination of a ^ ^ rf a and 

strong acid such as sulfitnc phosphonc, hy C rocn.ocic or craveniem which is based 0D ^ ^ of a cataly5t 

nitric acid, and a bromine salt consisting of a metal of group VIII supported on acid 

Quantities of acid ranging from 2.5 to 10 g/litre are activated carbon functionalized with sulfonic groups, 
generally required to obtain high concentrations of H,O z . 

The use of high quantities of acid, in addition to creating BRIEF DESCRIPTION OF DRAWINGS 

problems of a technological nature, for example corrosion of FIGS. 1 and 2 show the enlarged peak of sulfur alone for 

the autoclaves, also causes serious problems relating Lo ihs samples D f sulfonated activated carbon, 
dissolution of the active phase (metal) of the catalyst in the JC 
reaction medium, with a consequent reduction in the activity 
and life of the catalyst itself. 

The metal dissolved in the reaction medium, moreover, is j he use af fuaciionafced activated carbon containing the 

difficult lo recover with the recycling methods at present ^cic function directly bound to the surface and not released 

available. 60 in the reaction medium has significant advantages, in par- 

In addition, the process operates under critical conditions ticular: 

as concentrations of H s >.'i% (geaeraliy 18%) with respect lo (i) the possibility of using extremely low quantities of 

the reaction mixture, are used, which is therefore within the halides (<10"' 1 moles/litre); 



explosivity limits of H 2 /0 2 mixtures. (ij) the{ possibility of operating without free acids or in the 

U.S. Pat. No. 4,889,705 relates tc an improved process for 65 presence of traces of free acids (I-r<10""' moles/1); 

the synthesis of hydrogen peroxide in which the FT and Br (iii) the production of a stable catalyst; the quantity of noble 

ions are supplied directly as HBr. Operating according to metal in solution is less than 3 parts per billion (ppb); 
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(jv) the production of stable solutions of hydrogen peroxide; 
(v) the production of solutions of hydrogen peroxide in high 
concentrations. 

This is an advantage for subsequent uses of HjO ? in 
oxidation processes, as intermediate processing operations 5 
such as, for example, the removal of solvents, are not 
required. In particular, the concentration of hydrogen per- 
oxide which can be obtained with the process of the present 
invention is highly compatible with a direct use in oxidation 



reacuons catalyzed by htanium-sihcahte, without requmng 10 ^ ^ ^ ^ ^ of aparticu , ar ^ iQ & 



50 to 70° C, for a period of time ranging from 1 to 4 hours. 
It is then filtered, washed until the disappearance of the 
oxidating agent in the washing water and is then dried al a 
temperature ranging from 100" C. to 120" C. 

The characterization of the functionalized activated car- 
bon by means of photoelectron spectroscopy (XPS) reveals 
the presence of a peak characteristic of C—-S0 3 H groups. 

This method is capable of providing information on the 
chemical species present on the surface of a solid sample 
within 5 nm approx.), on the oxidation St ' " 



concentration steps. 

The presence of only traces of halides and acidity is not 
a disadvantage for direct use in the above reactions, as the 
possible introduction of salts or acidity, in downstream 



In accordance with this, a first aspect of the present 
invention relates to a catalyst consisting of a metal of group 
VIII supported on an acid activated carbon functionalized 
with sulfonic groups. 

A further object of the present invention relates to a 
method for the preparation of an activated carbon function- 
alized with sulfonic groups. 

The present invention also relates to an activated carbon 



the position of the signal is determined by the electronic 
exchange with the environment. 

The sensitivity limit for sulfur can be estimated at about 
50 ppm in the volume analyzed (1257 microns^ nm). The 
13 analysis . is carried out in ultra high vacuum (UHV) (10~ 1Q 
Torr) and consequently the species physi-absorbed on the 
surface are eliminated and the essentially chemically bound 
species are analysed. 
As the samples are good electric conductors, the analysis 
20 is not affected by problems of surface electrostatic charge. 
The peak positions recorded on the axis of (he "Binding 
Energies" are therefore not influenced by error, as they have 
been calibrated with an appropriate internal standard. 



functionalized with sulfonic groups and its use as a carrier Semi-quantitative analysis (atomic %) provides the 
for catalysts based on metals. 25 atomic concentrations of all the elements present above the 

Yet another object of the present invention relates to a sensitivity limit except for hydrogen which cannot be deter- 
process for the production of hydrogen peroxide( starting mined, 
from hydrogen and oxygen, in a solvent, in the presence of 
a promoter and a catalytic system consisting of a metal of 
group VIII supported on a carrier, characterised in that said 30 
carrier is an activated carben functionalized with sulfonic 



groups. 

The present invention additionally relates to tint use of 
solutiosis of hydrogen peroxide obtained as described above 
in an oxidation process catalyzed by titanium-silicalite. 3 

Further objects of the present invention are evident in the 
following description and claims. 

Examples of activated carbon which can be used for the 
purposes of the present invention can be selected from 



High resolution analysis of the sulfur signal (S) gives 
indications on the relative chemical environment. 

PIGS. 1 and 2 show the enlarged peak of sulfur alone. It 
can be observed that the sulfur of the sample of sulfonated 
activated carbon is symmetrical with an enlargement of 
about 3 eV (Binding energy); this indicates the presence of 
a univocal but energetically heterogeneous species on the 
surface. The position in energy of tbe peak maximum 
(168.4t0.2 eV), compared with the data supplied by the 
reference handbook (Handbook of XPS, ed J. Chastain, PE 
Corporation, Mo. USA 1992, pages 60-61) inequivocably 
tbe presence of a sulfur species of the sulfonic type 



activated carbon available on tbe market with a surface area 40 ( — S0 2 OH) which is expected between 167-169 eV. This 



it least 100 m z /g. 

Activated carbon with a surface area higher than 300 nrVg 
is preferably used. 

The activated carrion used can he in the form of powder, 
granes, pellets, etc. 

The activated carbon can be used as such or it is pretrcated ■ 
by washing with a diluted solution, generally between 1 and 
10% by weight, of aqueous hydrochloric acid, a 50-800° C. 

The functionalization is carried out with a sulfonating 
agent preferably selected from sulfuric acid, S0 3 or oleum, so tag conditions, 



species: cannot be confused with sulfur of the sulfide type 
(161-163 eV), or with sulfui of the sulfate type (169-171 
eV). 

Operating as described in the experimental examples 
5 below, functionalized activated carbon is obtained with a 
sulfur content of 0.3 to 0.5% by weight with respect to the 



The fiirictionalizatiori of activated carbon is generally 
carried out using a weight ratio sulfonating agent:activated 
carbon ranging from 1:20 to 20:1, preferably between 1:5 
and 5:1. 

The functionalization reaction is carried out at a tempera- s 
ture ranging from 50° C. to 350° C, preferably from 70° C. 
to 200° C, for a period of time selected in relation to the 
temperature and sulfonating agent. 

The activated carbon thus treated is then washed with 
water until neutrality of the washing water. The functional- £ 
ized activated carbon is subsequently treated with an oxi- 
dating ageut. A diluted aqueous solution of H 2 0, (1-4% by 
weight) is preferably used, with a weight ratio sulfonated 
carbon:H £ O a solution ranging from 1:10 to 1:100, prefer- 
ably between 1:20 and 1:50. £ 

The resulting suspension is maintained, under stirring, at 
a temperature ranging from 30 to 100* C, preferably from 



Quantities of sulfur ranging from 0.1 to 1.0% by weight 
are sufficient for the purposes of the present invention. 

The catalyst of the present invention is prepared by 
supporting a metal of group VIII on activated carbon func- 
tionalized as described above. 

Non-limiting examples of metals of group VIII are 
selected from palladium, platinum, ruthenium, iridium, 
rhodium or combinations of these. Palladium or platinum 
are preferably used. Palladium, is particularly preferred. 

The quantity of metal supported on functionalized acti- 
vated carbon is between O.05 and 5% by weight, preferably 
between 0.1 and 1% by weight. 

The preparation of the catalyst of the present invention 
can be carried out by means of impregnation or adsorption 
of a soluble salt of the metal, optionally followed by a 
reduction phase of the metal with hydrogen or chemical 
reducing agents, according to the conventional techniques. 
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Metal salts selected from acetates, halides and oxalates In particular, the hydrogen peroxide solutions obtained 

are preferably used. with tbe process of the present invention can be used directly 

The catalyst of the present invention is particularly adv an- in oxidation processes catalyzed by titanium silicalite as 

tageous in a process for the direct preparation of hydrogen described in the patents cited above, as they are bigbly 

peroxide from hydrogen and oxygen in a solvent in the 5 compatible with the optimum reaction conditions in which 

. presence of a promoter selected from halogenaied com- these proce sses are carried out with respect to: 

^Tnfcatalysl is used in catalytic quantities generally tbe * H 2 0 2 in the solution; 

ranging from 10' 6 to 10" 2 moles of metal contained in tbc [ be. absence nf aridity or tbe presence of only traces of 

catalyst per litre of reaction medium- 1Q acidity or salts; 

Advantageous results are obtained using quantities of the composition of the solvent medium consisting of 

catalyst ranging from lCT 4 to 1CT 3 moles of metal contained water> alcohols or their mixtures in a wide range of 

in the catalyst per hue of reaction medium. ratios. 

The reaction solvent is selected from water, alcohols, or Tnc usc of hydrogen peroxide solutions in oxidation 

mixtures of these. processes comprises the following steps: 

Examples of alcohols are metbyl, ethyl, isopropyl alcohol. (a) prep£irm g hydrogen peroxl d E bv ibe reaction of hydrogen 

a ' J 1 ^ preferred. _ and ^ a sdvmt CQJll ^ a plomoter> ^ til6 

frot^l £ /9lpretS ^^1^ 5/1 il P™/ > * * v°l ^ 

preferably used supported on acid activated carbon firnctionalized with 

Examples of promoters are selected from compounds of 20 ^ fomc groups, 

bromine such as hvdrobromic acid, sodium bromide, potas- 0=) re f ° v ™S the reaclron mixture contammg hydrogen 

sium bromide, sodium bromate or ammonium bromide or P e roxi e, 

compounds of chlorine such as sodium chloride, potassium ( c ) P'^E * e «««=>«»> containing H 2 0 2 in contact 

chloride, ammonium chloride. ™\ b a substrate selected from olefins, aromatic 

Compounds of bromine are preferred for the purposes of 25 ^™rtais, ammonia and carboovl compounds, m the 

the present invention. Particularly preferred are hydrobro- P res t n <* <f a ba f d ° n titanram-sihcalite to obtain 

raicacid, sodium bromide and potassium bromide. he deseed oxidated product; - . 

A quantity of promoter is normally used which is such as C d ) recovermg the oxidated product from the reaction rrnx- 

to give a concentration ofhalide ion of more than 10" 7 moles ture o step c) an 

per litre of reaction medium, preferably a concentration 3D (e) /ecyckng the possible non-reacted substrate in step c) 

„• in-fi m-4 .J^w n<™ r.e r »^ti™ and the reaction solvent in steps a) aod cj. 

ranging from 10 to 10 moles per litre or. reaction . f ' ' 

medium Examples of ttamum-silicahtes which can be used for the 

me TbTproduction of hydrogen peroxide is effected by ' P^ oses ° C * e P res( f ™ i011 can b * selected from 

reacting oxygen and bydrogenin the reaction medium in the ^T^^^t^ ^ strucm ^, dcscnb ^. 

present of the catalyst and promoter and with or without a. 35 UJ3 - P * No 4,410^01, or the same utamum-sihcahtes 

Lrt gas (for example nitrogen), generally at a total pressure wlth "™ lenl ^.Juch a s, fo ' &X ^' 

higher than atmospheric pressure and preferably between 50 ^~m, iron boron or gajhum The latter are desenbed in 

and 300 atmospheres European patents 226,257, 226,258 and 266,825. 

Thc molar ratio H,/0 2 is between 1/1 and 1/100, prefer- x TitainWilicaliles with an MEL or mtermediate MFI/ 

ably between 1/5 and 1/50 and tbe concentration of hydro- «o MEL stmchire described in Belgiao patent 1,001,038, can 

gen in the gaseous phase in contact with the liquid reaction ° e ^ " , , , _,. , 

medium is conveniently maintained at a value of less than . The catalyst accordmg to he present mventiou 

4.5% molar with respect to the reaction mixture, outside the 15 txUmnm-sihcaht. having the formula: 

explosivity limits of the H 2 /O z mixture. xrno a *ft-x) SiOj 

According to a,n embodiment of the present invention, the 45 

reaction can be carried out using air instead of pure cxygen. wherein x represents a number between 0.0001 and 0.04. 

This reaction is typically carried out at temperatures The above titanium silicaliles can be prepared according 

ranging from 0° to S0° C, preferably between 15 and 50° C. to the method described in the U.S. Pat. No. 4,410,501 in 

At the end of the reaction, the solution containing hydro- which their structural characteristics are also specified, 

gen peroxide is recovered and the catalyst is separated and 50 The quantity of catalyst used as well as the reaction 

recovered by filtration and recycled to the subsequent reac- conditions are selected io relation to the substrate to be 

tion. oxidated. 

The process of tbe present invention can be carried out in in particular, the cpoxidation of olefins can be carried out 

batch or in continuous according to the conventional tech- as described in the patent EP-100,119. The use of a hydro- 

niques. 55 alcoholic solution of hydrogen peroxide obtained witb tbe 

The resulting solution of hydrogen peroxide can be used process of tbe present invention advantageously allows in 

as such. However, if necessary it can be subjected to the epoxidation nf olefins an improvement in the selectivity, 

concentration operations to remove the solvent by distilla- at the same time simplifying the process operations owing to 

tion. the substantial absence of acidity and/or salts which, in high 

The process of the present invention enables the reagents 60 concentrations, interfere with epoxidatjon reactions. In fact, 

to be transformed into H 2 0 2 with high conversions and a solution of hydrogen peroxide is obtained with only traces 

selectivities, obtaining solution of H,CU withoul acidity or of acidity (pH about 4—6, higher than that of commercial 

containing only traces of acidity and salts. hydrogen peroxide) and withoul stabilizers. 

The solutions of hydrogen peroxide thus obtained cap be In the case of an ammoxymation process, 

used directly in oxidation processes which involve the use of 65 (cyclohexanoneoxime from cyclobexanone, TLO,, 

H^Oj without complex intermediate processing operations ammonia), the use of a methanol solution of hydrogen 

such as the removal of acids and solvents. peroxide, instead of terbutanol (TBA), allows a simplifica- 
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don in the separation section of oyclohexanoneaxime and 
recycling of the solvent (methanol) as, unlike TBA, it does 
not form tin azeulropic mixture with water. 

The following examples, whose purpose is to describe the 
present invention in better datail, should in do way be 5 . 
interpreted as limiting the scope of the invention itself. 
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TABLE 2 



0.14% 0.3% 0.1% 0.08% 



EXAMPLE 1 
Functionalization of Carbon 



Elemental characterization was carried out on the sample 
of sulfonated carbon (Nr. 2). The results, expressed in 
mg/kg, are indicated in table 3 and show a sulfur content o£ 



10 0.48% by weight. 



20 g of activated maritime pinewood carbon in powder 
form (CECA) are charged into a 1 litre glass flask containing 
COO ml of an aqueous solution of HC1 at 5 % by weight. The 
stirred suspension is brought to 80° C. andmainlained at this is 
temperature for 2.5 hours. After cooling la room temperature 
(20-25° C), the suspension is filtered and the carbon 
recovered is washed with distilled water until elimination of 
the chlorides and dried in an oven at 120° C. for 2 hours. 

The activated carbon is charged into a 250 ml glass 2ask 20 
and 40 mi of H 2 SO^ at 96% are slowly added (in about 2-3 
minutes) . The carbon-acid mixture is homogenized and then 
healed in an oil bath to 120° C. for 8 hours. At the end of the 
reaction, it is cooled to room temperature and the activated 2J 
carbon thus treated is sbwly poured into a 1 litre glass 
containing 500 ml of distilled water. The carbon is then 
recovered by filtration and washed with distilled water until 
neutrality of the washing water. 

The activated carbon thus treated is suspended in 150 ml 30 
of an aqueous solution of H 2 0 2 (3.5% by weight) and :bc 
resulting suspension is maintained, under stirring, at 70° C. 
for 2 hours. It is then filtered and washed until the disap- 
pearance af Hj0 2 in the washing water. The sulfonated 
activated carbon is recovered and dried in an oven at 120* 35 
C. for 2 hours. 

Characterization by means of X-ray induced photoelec- 
tron spectroscopy (XPS) shows the presence of a peak 
relating to the signal C— S0 3 H (FIG. 1) 



EXAMPLE 3 



Preparation of the Catalyst 
50 ml of methanol and 4 g of activated carbon prepared 
as described in example 1 are charged into a 250 ml glass 
flask. 

A solution of palladium acetate in acetone (86 mg palla- 
dium acetate 9!?% Aldrich, in 20 ml of acetone) are added 
dropwise in 2-3 minutes to the stirred suspension. The 
solution is concentrated with a rotovapor on a bath, at 
40-^50' C, for 1 0-20 minutes to remove about 30-50% of 
the solvent. It is filtered with a pump, washed with water, 
dried in air and then dried in an oven at 110° C. for 2 hours. 
A catalyst is obtained containing 1% of palladium on 
functionalized activated carbon. 

EXAMPLE 4 



The same procedure is adopted as in example 3, but using 
4 g of activated carbon prepared as described in example 2. 
A catalyst is obtained containing \% of Palladium on 
functionalized activated carbon. 

EXAMPLE 5 (comparative) 

A catalyst is prepared as described in example 3, 
but using a non-sulfonated activated maritime 
pinewood carbon in powder form (CECA). 



10.7% 0.12% 0.3% 0.1% 0M% 



Elemental characterization was carried oul on the sample 
of sulfonated carbon (Nr. 1). The results, expressed in 
mg/kg, are indicated in table 3 and show a sulfur content of 
0.39% by weight. 

EXAMPLE 2 
Funclkmalrzatiun of Carbou 

The same procedure is adopted as in example 1, but 
carrying out the sulfonation reaction at a temperature of 
140° c. for 4 hours. 

Characterisation by means of X-ray induced 
photoeleetron, spectroscopy (XPS) shows the i 
peak relating to the signal C— S0 3 H (FIG. 2) 

The results expressed in atomic % from XPS analysis i 
indicated in table 2. 



Preparation of Hydrogen Peroxide 

5 23 rag of catalyst prepared as described in example 4 
(2.10" f moles of Pd) and 9 g of a solution of water: ethanol 
(weight ratio 1:8), containing 6 ppm of HBr (6.10" 5 moles 
Br"/litre reaction mixture) are charged into a 100 mi AISI 
316 stainless steel autoclave, equipped with a cylindrical 

3 glass container, teflon magnetic stirrer, manometer and 
heal-exchange apparatus. 

The autoclave is thermostat-regulated at 30° C, closed 
and then charged with a mixture of gases, previously 
prepared, consisting of 4% volume Hj, 4% volume O s and 

s 92% volume N 2 , at a total pressure of 65 atm. Stirring is 
carried out at 900 revs/minute for 1 hour substituting the gas 
phase every 15 minutes with a mixture of gases having the 
above composition. 
The autoclave is then depressurized, the content is filtered 

3 to remove the catalyst and an aliquot of the solution is 
analyzed by titration with potassium permanganate to deter- 
mine the concentration of hydrogen peroxide, which proves 
to be equal to 2.9% by weight with respect to the reaction 
mixture. 

5 From the increase in weight of the solution and concen- 
tration of H;, O z , the selectivity with respect to the converted 
hydrogen is 50%. 



us 6,: 
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EXAMPLE 7 
Synthesis of Hydrogen Peroxide 

The reaction is carried out under the sans operating 
conditions indicated in example 6, but using 23 mg of 
catalyst prepared as described in example 4. A solution is 
obtained, containing 3.1% by weight of hydrogen peroxide. 
From the increase in weight of the solution, the selectivity 
with respect to the converted hydrogen is 58%. 

EXAMPLE 8 (comparative) 

The reaction is carried out under the same operating 
conditions indicated in example 6, but using 23 mg of 
catalyst prepared as described in example 5. A solution is 
obtained with a content by weight of hydrogen-peroxide 
equal to 0.25%. The selectivity with respect to the converted 
hydrogen is 7%. 

EXAMPLE 9 
Preparation in Continuous of Hydrogen Peroxide 

The experimentation is carried out in a 300 ml Hasteloy 
C steel autoclave, equipped with a magnetic stirrer capable 
of maintaining the number of revs/minute during the test 
from 0 to 2000, a pressure controller, a thermostatic jacket 
and gas-fiow-controllers. 

0,45 g of catalyst prepared as described in example 4 
(4.2- 10' s moles of Pd) and 150 g of water containing 4 ppm 
of HBr (5-10- 5 moles of Br/litre of reaction mixture) are 
charged into this autoclave. 

The autoclave is pressurized, without stirring, to 100 arm 
with a gaseous mixture consisting of 3.6% volume H,, 
46.4% volume 0 2 and 50% volume of N,. The stirring is 
then activated up to 1400 revs/minute and the pressure is 
maintained at 100 aim with a gas flow in continuous equal 
to 300 1/hour- 

The reaction is followed by gaschromatographic analysis 
of aliquols of the gaseous phase leaving the reactor every 15 

During the test, the conversion of hydrogen is maintained 
constant (45%). 

After 4 hours of reaction at 18" C, the concentraton of 
H 2 0 2 is equal to 12.5% by weight. The selectivity with 
respect to the converted hydrogen is equal to 60%. 

This content of S0 4 ~ ion in solution is equal to 3 ppm. 

EXAMPLE 10 

The same procedure is adopted as in example 9, but using 
as reaction medium 150 g of a mixture of water: methanol 
with a weight ratio 10:90, containing 3 ppm of HBr(310~ 5 
moles Br /Eire of reaction mixture). 

Tbe production of hydrogen peroxide is carried out at 15° 
C. The conversion of hydrogen remains constant during the 
test at 80%. 

After 2 hours of reaction, the concentration of H 2 0, was 
equal to 13.1% by weight. The selectivity with respect to the 
converted hydrogen is 75%. 

The content of S0 4 "~ ion in solution is equal to 2.5 ppm. 

EXAMPLE 11 

A 380 ml I-lastelloy C steel autoclave is used, equipped 
with a magnetic stirrer, a pressure controller, therostaiic 
jacket and gas-flow controllers. 
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0.G0 g of catalyst prepared as described in example 3 
(5.6-10 -5 moles of Pd) and 200 g of water containing 5 ppm 
of HBr (fj.2-10 -5 moles of Br" /litre of reaction mixture) are 
charged into the autoclave. 

5 The autoclave is pressurized, without stirring, to 95 atm 
with a-gaseous mixture consisting of 3.66 volume H,, 36.4% 
volume 0 5 and 60% volume of N a . The stirring is then 
activated up to 1400 revs/mioutc and the pressure is main- 
tained with a flow in continuous of the same gaseous 

10 mixture. 

During tbe test 120 g/hour of an aqueous solution con- 
taining 5 ppm of HBr are fed in continuous and volumes of 
liquid necessary for keeping the level of the autoclave 
constant, ire discharged. The reaction is carried out at 25° C. 
15 for 8 hours. 

The reaction is followed by gaschromatographic analysis 
of aliquots of the gaseous phase leaving tbe reactor every 15 
minutes and the liquid phase every hour. 
2 C During the test, the conversion of hydrogen is maintained 
constant at 85%. 

After 4 hours of reaction, the concentraton of H 2 O a is 
equal to 6.5% by weight. Tbe selectivity with respect to the 
converted hydrogen is equal to 60%. The content of SO/~ 
25 ion in solution is equal to 2 ppm. 

After 8 hours of reaction the concentration of HjO., and 
the selectivity with respect to the converted hydrogen 
remain constant at 6.5% and 60% respectively and the 
content of S0 4 ~ ion in solution is less than 1 ppm. 

30 

EXAMPLE 12 

The same procedure is adopted as in example 11, but 
using as reaction medium a mixture of water: methanol with 
35 a weight ratio of 4:96, a reaction temperature of 20" C. and 
feeding in continuous 200 g/hour of wator:methanol mix- 
ture. 

The hydrogen conversion is maintained constant during 
the test at a value equal to 85%. 

40 In the sampling carried out after 4 hours of reaction, the 
concentration of hydrogen peroxide in solution is equal to 
5.8% by weight. This value remains constant for the whole 
duration of the test which lasts 20 hours. The selectivity with 
respect to the hydrogen is 84%. The concentration of S0 4 ~" 

41 don in solution after 20 hours is less than 1 ppm. 

EXAMPLE 13 

The same procedure is adopted as in example 12, using 
^ the catalyst prepared as in example 4 and prolonging the 
reaction for 60 hours. 

After 60 hours of reaction the hydrogen conversion is 
maintained constant at a value equal to 88%, the concen- 
tration of H 2 O a is maintained at 6.2% by weight and the 
55 selectivity with respect to the hydrogen is 86%. The con- 
centration of SO A ~~ ion in the reaction effluent from the 
thirtieth hour is zero. 

EXAMPLE 14 
Oxidation of Propylene 
5 g of titanium silicaiite TS-1 (EniCfcem, with a content 
of titanium equal to 2.05% by weight) in 500 g of methanol 
are suspended in a 11 reactor equipped with a mechanical 
65 stirrer with a gaseous effect and a thermostatic system 
(internal coil immersed in the reaction solution and external 
circulation jacket). 
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After thermostat-regulating (.he system at 40° C. and 
pressurizing with propylene at 1.2 atm (constant for the 

whole duration of the reaction), 2GS g of hydrogen peroxide 

solution at 6.22%, obtained as described in example 13, are Ete " le ° 
added in continuous at such a rate as to exhaust the addition 5 Bi 
of the oxidating agent in 15 minutes. n 
After this period a simple of reaction solution is taken. (2/ 
The residual H 2 0 2 is determined iodometrieally, whereas others 

Hie reaction product is quantified by gaschromatography. _ 

The results arc: 
conversion H 2 0 2 =96% 
selectivity to propylene oxidc=97%. 



TABLE 3-mnfimied 



EXAMPLE 15 

Ammoxymation of Cyclohexanone 

10 g of titanium silicalite TS-1 (EniCbern, with a c< 
of titanium equal to 2.05% by weight) in 500 g of a m 
consisting of: 



a 11 reactor equipped with a mechanical 
stirrer with a gaseous effect and a thermostatic system 
(internal coil immersed in the reaction solution and externa! 
circulation jacket). 

After tbcromstat-rcgulating the system at 800* C. and 
pressurizing with helium al 1 .5 Mm, 67.5 p, of the IL,0 2 
solution (6.22%) obtained in example 13 are added in 
continuous in 5 hours. 
After this period a sample of reaction solution is taken. 
The residual EL.O;, is determined icdometrically, whereas 
the reaction product is quantified by gascbromatography. 
The result 1 ; are: 

conversion of cyclohexanoDe=92.5% 
selectivity to cyclohexanone=°6%. 

The conversion of hydrogen peroxide is quantitative. 

TABLE 3 



What is claimed is: 

I. A catalyst consisting essentially of a metal belonging to 
group VIII supported on a carrier, wherein Raid carrier is an 
activated carbon functionalized with sulfonic groups. 

s 2, The catalyst of claim 1, wherein the metal belonging to 
group VIII is selected from the group consisting of 
palladium, platinum, ruthenium, iridium, and rhodium. 

3. The catalyst of claim 2, wherein the metal is palladium. 

4. The catalyst of claim 1, wherein tiie quantity of metal 
belonging to group VHI is between 0.05 and 5% by weight 

20 with respect to the carrier. 

5. The catalyst of claim 4, wherein the quantily of metal 
belonging to group VIII is between 0.1 and 1% by weight 
with respect to the carrier. 

6. The catalyst of claim 1, wherein the activated carbon 
25 functionalized with sulfonic groups contains from 0.1 to 1% 

by weight of sulfur. 

7. The catalyst of claim 1, which is produced by a method 
which comprises: 

a) contacting the activated carbon with a sulfonating 
30 compound with a weight ratio of sulfonating com- 
pound: carbon ranging from 1:20 to 20:1, at a tempera- 
ture ranging from 50 to 350" C; 

b) washing the activated carbon functionalized with sul- 
fonic groups with water until the washing water is of 

35 nciutral pH; 

c) treating the sulfonated activated carbon functionalized 
with sulfonic groups obtained in step b) with an oxi- 
dizing compound, at a temperature ranging from 30 to 
100° C; 

40 d) washing the activated carbon functionalized with sul- 
fonic groups obtained in step c) until the oxidizing 
(compound disappears in the washing water and drying 
the washed functionalized activated carbon at a tem- 
perature of 100 to 120° C, and then 

45 e) supporting tie metal of group VIII on the activated 
carbon function aiize.d with sulfonic groups. 

8. The catalyst of claim 7, wherein step a) is preceded by 
a step a 1 ) wherein the activated carbon is washed with an 
aqueous solution of hydrochloric acid 1-5% by weight, at a 

so temperature ranging from 50 to 80° C. 

9. The catalyst of claim 7, wherein in step a) the weight 
ratio of sulfonating compound: carbon is between 1:5 and 
5:1, and the temperature from 70 to 200° C. 

10. The catalyst of claim 7, wherein the sulfonating 
55 compound is selected from the group consisting of sulfuric 

acid, S0 3 and oleum. 

II. The catalyst of claim 7, wherein in step c) said 
oxidizing compound is an aqueous solution of hydrogen 
peroxide used at a concentration ranging from 1 to 4% by 

co weight, with a weight ratio sulfonated compound activated 
carbon and aqueous solution of hydrogen peroxide ranging 
from 1:10 to 1:100. 

12. The catalyst of claim 11, wherein the weight ratio of 
sulfonated compound activated carbon and aqueous solution 

65 of hydrogen peroxide is between 1:20 and 1:50. 

13. The catalyst of claim 7, wherein in step c) the 
temperature is between 50 and 70° C. 
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14 



14. A process for directly producing hydrogen peroxide, 
which comprises reacting hydrogen and oxygen in a solvent 
which contains a promoter in the presence of a catalyst 
consisting essentially of a metal of group VIII supported on 

a carrier, wherein said carrier is an activated carbon fane- s 
tionalized with sulfonic groups. 

15. The process of claim 14, wherein the metallic catalyst 
of group VIII is selected from the group consisting of 
palladium, platinum, ruthenium, iridium aod rhodium. 

] 6. The process of claim 15, wherein the metal is palla- 1G 
drum. 

17. The process of claim 14, wherein the promoter is a 
compound containing a halogen. 

18. The process of claim 17, wherein the compound 
containing a halogen is selected from the group consisting of 15 
bydrobromic acid, sodium bromide, potassium bromide, 
sodium bromate, arxrmoniurn bromide, sodium chloride, 
potassium chloride and ammonium chloride. 

19. The process of claim 18, wherein the compound is 
hydrobromic acid, sodium bromide or potassium bromide. 20 

20. The process of claim 14, wherein a quantity of 
promoter is used such as tc give a concentration of the haiide 
ion of more than 10 -7 moles per liter of reaction medium. 

21. The process of claim 20, wherein a quantity of 
promoter is used such as to give a concentration of the haiide 25 
ion between 10" 6 and 10"' 1 moles per liter of reaction 



22. The process of claim 14, wherein the reaction medium 
is selected from the group consisting of water, an alcohol or 

a mixture thereof. 30 

23. The process of claim 22, wherein the alcohol is 
selected from the group consisting of rrtsf ba r.ol , ethanol, and 
isopropanol. 

24. The process of claim 23, wherein the alcohol is 
methanol. 35 

23 . The process of claim 14, wherein the reaction medium 
is a mixture of waterialcohol with a weightratio between the 
two of 99:1 to 1:99. 

26. The process of claim 25, wherein the weight ratio 
watenalcohol is between 90:10 and 5:95. 40 

27. The process of claim 14, wherein the reaction is 
carried out at a temperature ranging from 0 to 70° C. 

2H. The process of claim 27, wherein the reaction tem- 
perature is between 15 arjd 50° C. 

29. The process of claim 14, wherein the reaction is 45 
carried out at a total pressure higher than armcspheric 
pressure and with a molar ratic hydrogenioxygsn ranging 
from 1:1 to 1:100. 



30. The process of claim 29, wherein the total pressure is 
between 50 and 300 atmospheres and the molar ratio hydro- 
gen:oxygen is between 1:5 and 1:50. 

31. The process of claim 14, wherein the reactioD is 
carried out using air as oxygen source. 

32. Tbe process of claim 14, wherein the catalyst is used 
in quantities ranging from 10" s to 10" 2 moles of metal 
contained in the catalyst per liter of reaction medium. 

33. The process of claim 32, wherein the catalyst is used 
in quantities ranging from 10" 4 to 10" 3 moles of metal 
contained in the catalyst per liter of reaction medium. 

34. A process for catalytic oxidation of substrates, which 
comprises: 

(a) preparing hydrogen peroxide by reacting hydrogen 
and oxygen in a solvent containing a promoter, in the 
presence of a catalyst consisting essentially of a metal 
of group VIII supported on activated carbon function- 
alized with sulfonic groups; 

(b) recovering the reaction mixture containing hydrogen 
peroxide; 

(c) contacting the reaction mixture containing hydrogen 
peroxide with a substrate selected from the group 
consisting of olefins, aromatic hydrocarbons, ammonia 
and carbonyl compounds, in the presence of a catalyst 
comprising titanium-silicalite to obtain an oxidated 

(d) recovering the oxidized product from the reaction 
mixture of step c); and 

(e) recycling non-reacted substrate in step c) and the 
reaction solvent in steps a) and c). 

35. The process of claim 34, wherein in step c) the catalyst 
is sejec-ed from tbe group consisting of titanium-silicalites 
with an MEL structure, titanium-silicalites with an MEL 
structure, and an Intermediate MFI/MEL structure. 

36. The process of clam 35, wherein the titanium- 
silicalites with an MF1 structure are modified with bivalent 
metals selected from the group consisting of aluminum, iron, 
boron and gallium. 

37. The process of claim 34, wherein tbe catalyst is 
titanium-silicalite having the formula: 

wherein x represents a number between 0.0001 and 0.04. 

38. The process of claim 34, wherein said process is 
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